
An antisense oligonucleotide preparation method 

The present invention is related to a method for the pre- 
paration of antisense oligonucleotides and to an oligo- 
nucleotide or functional or structural analogs or effective 
derivatives thereof, forming hydrogen bonds with deoxyribo- 
nucleic acids (DNA) and/or ribonucleic acids (RNA) or 
derivatives thereof including, but not limited to the 
formation of hydrogen bonds with the bases adenine (A) , 
cytosine (C) , guanine (G) , uracil (U) or thymidine (T) 
contained in such molecules or forming hydrogen bonds with 
residues of a particular protein, such a molecule being 
capable of altering the expression structure or function, 
of a gene, an RNA molecule or a protein or altering the level 
of activity of a gene, an RNA molecule or a protein. Further- 
more, the present invention is related to such nucleic acid 
or functional or structural analogs or effective derivatives 
thereof, coupled or mixed with folic acid, hormones, steroid 
hormones such as oestrogen, progesterone, corticosteroids, 
mineralocorticoids, androgens, peptides, proteoglycans, 
phospholipids, glycolipids and derivatives therefrom. 

Furthermore, the invention is related to the use of said 
nucleic acids or functional or structural analogs or effec- 
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tive derivatives thereof, for analyzing the functional 
properties of a particular gene, RNA, or protein by altering 
its activity, structure, function or altering its expression 
levels . 

Furthermore, the invention is related to antisense nucleic 
acids, capable of modulating the expression or functional 
activity of proteins which regulate cell growth leading to 
augmentation, inhibition or modulation of cell growth or cell 
proliferation and/or the expansion of primary cells or stem 
cells, e.g. in culture or in the living organism. 

Furthermore, the invention is related to a pharmaceutical 
composition comprising said nucleic acids or functional or 
structural analogs or effective derivatives thereof, 
hybridizing with an area of the messenger RNA (mRNA) or the 
DNA of a target gene or binding to a particular protein as 
well as the use of said nucleic acids, structural analogs 
and derivatives thereof for the -manufacturing of a pharma- 
ceutical composition for the treatment of diseases where the 
alteration of the structure function, activity or expression 
of a particular target gene, a particular target RNA or a 
particular target proteins activity leads to a therapeutic 
benefit related to the effect of the nucleic acid or 
derivative thereof . 

Modulation of the expression of genes, RNA molecules or 
proteins or of their activity levels with nucleic acids or 
functional or structural analogs or effective derivatives 
thereof is a powerful means to study the function of the 
respective molecules. For example modulation, e. g. knockdown 
or increase of the expression of a particular protein can 
lead to the identification of its physiological as well as 
its pathophysiological roles in cultured cells as well as 
in living organisms in vivo. 
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Furthermore, the aberrant expression or overexpression of 
genes, RNA molecules or proteins, the expression of foreign 
DNA, RNA or proteins e.g. derived from infectious organisms 
or the expression of mutated DNA, RNA and proteins is found 
in a variety of diseases. Downregulation of the expression 
or the activity of such DNA, RNA and/or proteins can lead 
to an inhibition of or to the reversal of pathological 
processes in which the expression of a particular DNA, RNA 
and/or protein plays a role. However, nucleic acids or 
derivatives thereof used for downregulation of DNA, RNA 
and/or protein expression are often ineffective and/or toxic 
to the cells or the organisms treated with such molecules. 

An object of the present invention is to provide a method 
for designing and preparation of ' oligonucleotides or 
derivatives thereof which avoid the drawbacks of prior art, 
and give a reliable method for preparation of oligo- 
nucleotides having increased effectivity and/or reduced 
toxicity and/or reduced non-selective effects. 

The object is attained by a method having the features of 
claims 1. Preferred embodiments of the method of the 
invention are those according to claims 2 to 7 . 

The method of the invention comprises the steps 

of selecting a target nucleic acid, if necessary 
elucidating its sequence 

generating the antisense oligonucleotide with the 
proviso that 

the oligonucleotide comprises at least 8 residues, 
the oligonucleotide comprises at maximum twelve 
elements, which are capable of forming three 
hydrogen bonds each to cytosine bases. 
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the oligonucleotide does not contain four or more 
consecutive elements , capable of forming three 
hydrogen bonds each with four consecutive cytosine 
bases (CCCC) within the target molecule or 
alternatively four or more consecutive elements 
of GGGG, 

the oligonucleotide does also not contain 2 or 
more series of three consecutive elements, capable 
of forming three hydrogen bonds each with three 
consecutive cytosine bases (CCC) within the target 
molecule, or alternatively 2 or more series of 
three consecutive elements of GGG, and 
the ratio between residues forming two hydrogen 
bonds per residue {2H-bond-R) with the target 
molecule and those residues forming three hydrogen 
bonds per residue (3H-bond-R) with the target 
molecule, is ruled by the following 
specifications : 

3H-bond-R 



3H-bond-R + 2H-bond-R 

and synthesizing the oligonucleotide thus generated in 
a per se known manner. 

The generated antisense oligonucleotide comprises at least 
8 residues in order to have sufficient interaction with the 
target molecule and has preferably up to 30, more preferably 
up to 24 or most preferred upt to 18 residues. Shorther chain 
length are preferred over longer ones to increase specif ity 
and/or reduce non-specific effects. 

The oligonucleotide comprises at maximum 12 elements which 
are capable of forming 3 hydrogen bonds each to cytosine 
bases. In case of generating an oligonucleotide an element 
is represented by a residue, thus a nucleotide of the oligo- 
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nucleotide. In cases of generating a derivative an element 
is considered as a part of the molecule capable of forming 
hydrogen bonds. It is preferred that the oligonucleotide 
comprises at maximum 10 and more preferred at maximum 8 
elements which are capable of forming 3 hydrogen bonds each 
to cytosine bases . 

The generated antisense oligonucleotide preferably does not 
contain 4 or more consecutive guanine bases and does also 
not contain 2 or more series of 3 consecutive guanine bases. 

Preferably, the ratio between residues forming '2 hydrogen 
bonds per residue {2H-bond-R) with their target molecule and 
those residues forming 3 hydrogen bonds per residue (3H-bond- 
R) : 

3H-bond-R 



3H-bond-R + 2H-bDnd-R 

is in the range of greater than 0.33 and smaller than 0.86, 
more preferably smaller than 0.79 and still more preferred 
smaller than 0.72. 

In one embodiment the oligonucleotides generated by the 
method of the invention are modified for higher nuclease 
j^esistance than naturally occurring nucleotides. Methods for 
synthezing oligonucleotides and derivatives thereof are known 
in the art, see for exammple "Oligonucleotides and 
Analogues", F. Eckstein (Ed.), 1991, IRL Press Oxford or 
"Protocols for Oligonucleotides and Analogs, Synthesis and 
Properties", Sudhir Agrawal (Ed.), 1993, Humana Press, 
Totowa, New Jersey. 

Oligonucleotides of the invention may also contain RNA and 
DNA residues within their chains. 
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The modifications can be made to the bases, the sugars or 
the linkages of the oligonucleotides. Preferably, the modifi- 
cations are phosphorothioate (S-ODN) intemucleotide linkag- 
es, and/or methylphosphonate intemucleotide linkages, N'3 - 
> P5' phosphoramidate linkages, peptide linkages or 2'- 
methoxyethoxy modifications of the sugar moiety or 
modifications of the bases. In a preferred embodiment the 
oligonucleotide has at least two different types of 
modifications and more preferably at least two different 
types of intemucleotide linkages. In another preferred 
embodiment the oligonucleotides are linked to or mixed with 
folic acid, hormones such as steroid hormones or corti- 
costeroids, peptides, proteoglycans, glycolipids, phospho- 
lipids or derivatives thereof. 

Surprisingly the molecules, obtainable according to the 
method of the invention could strongly reduce or avoid 
toxicity and/or non-specific effects of such molecules and/or 
had significantly higher activity than sequences selected 
otherwise. Preferably, the molecules according to the in- 
vention have the following features: They do not contain four 
or more consecutive guanosine (N^GGGGNt,) or inosine (NgllllNb) 
residues and the oligonucleotide does not contain two or more 
series of three or more consecutive guanosine residues 
(N-^GGGN^GGGNb) and does not contain two ore more series of 
three or more consecutive inosine residues (NalllNcIIINb) , 
wherein N^, N^, represent indepently oligonucleotides of 
any sequence having 0 to 2 0 residues. 

In a preferred embodiment the molecule contains a minimum 
of 10 residues capable of forming either two or three hydro- 
gen bonds per residue. Furthermore, the molecule contains 
a maximum of 24 consecutive residues linked by phosphoro- 
thioate linkages capable of forming either two or three 
hydrogen bonds per residue. In molecules according to the 
invention which contain more than 18 residues the additional 
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linkages preferably consist of methylphosphonate linkages 
or phosphodiester linkages. 

The chemical structures of antisense oligodeoxy- ribo- 
nucleotides are given in figure 1. 

The chemical structures of antisense oligo-ribonucleotides 
are given in figure 2. The oligonucleotide is to be under- 
stood as a detail out of a longer nucleotide chain. 

Of course, the oligonucleotides may be composed of elements 
of either figures. 

In figures 1 and 2, lit. B means an organic base such as 
adenine (A), guanine (G) , cytosine (C) , inosine (I), uracil 
(U) and thymine (T) which are coupled to the deoxyribose . 
The linkages between the nucleotides are either phospho- 
diester bonds as in naturally occurring DNA or linkages 
spacing the nucleotides in such a way to allow hybridization 
with its target nucleic acid or binding to a protein in order 
to regulate its activity, such as e.g. phosphorothioate 
linkages, methylphosphonate linkages, phosphoramidate 
linkages or peptide linkages. 

R2 and R3 represent further residues of the oligonucleotide 
or derivative. 

represents OH or a modification such as a 2'-methoxy 
ethoxy derivative. 



The modifications of the phosphodiester linkage, shown in 
figures 1 and 2 can be selected from, but are not limited 
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1 . Oligodeoxy-ribonucleotides or oligoribionucleotides 
substituted by 

1.1 Rl = O 

1.2 Rl = S 

1.3. Rl = F 

1.4. Rl = CH3 
1.4. Rl = OEt 

2. Oligodeoxy-ribonucleotides where Rl is varied at the 
internucleotide phosphates within one oligonucleotide 

5' ((B-p-)n {B-p-)m)y (B-p-)x 

Rla Rib Rlc 

where lit. p stands for the phosphodiester or the 
phosphoramidate linkage, modified by coupling to Rla, Rib 
or RIG or for a peptide linkage, or for linkages spacing the 
nucleotides in such a way to allow hybridization with its 
target nucleic acid or binding to a protein in order to 
regulate its activity, structure, function or expression 
level . 

where lit. B = any deoxy-ribonucleotide or ribonucleotide 
, depending on gene sequence according to the invention. 

n, m, X, y = integers 0-20 

Preferred maximal length of the total number of bases is 30. 



2.1 


Ria 




s 


Rlb-^Hj 


Ric=s 


2.2 


Rla 




s 


Riij=CH3 


Ric=o 


2.2 


Rla 




s 


Rib=o 


Ric=s 


2.2 


Rla 




s 


Rib=o 


Ric=CH3 


2.3 


Rla 




CH3 


Rib=s 


Ric=CH3 


2.4 


Rla 




CH3 


Rib=s 


Ric=o 


2 . 5 


Rla 






Rib=o 


Ric=CH3 


2 . 6 


Rla 




CH3 


Rib=o 


Ric=s 
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2.7 


Rla 


= 0 


Rib=s 


Ric=o 


2.8 


Rla 


= 0 


Rib=s 


Ric=CH3 


2 . 9 


Rla 


= 0 


Rlb=^3 


Ric=o 


2 . 10 


Rla 


= o 


Rib=CH3 


Ric=s 



Preferably, the oligonucleotide comprises a minimum of 10 
elements and a maximum of 24 elements capable of forming 
either 2 or 3 hydrogen bonds per element. The oligo- 
nucleotides of the invention can have modifications to the 
base, the sugar or the phosphate moiety. Preferred modifi- 
cations are phosphorothioate (S-ODN) internucleot ide 
linkages, and/or methylphosphonate internucleot ide linkages, 
N'3 -> P5' phosphoramidate linkages, peptide linkages or 2 ' - 
methoxyethoxy modifications of the sugar or modifications 
of the bases. In a very preferred embodiment the antisense 
oligonucleotides comprise the sequences 41 to 73, 74 to 106, 
154 to 172, 173 to 203, 298 to 380, 476 to 506, 519 to 556 
and 597 to 641 of figure 3 and 1273 - 1764 of figure 5. A 
further aspect of the invention is the use of the oligo- 
nucleotides of the invention for the inhibition of the genes 
p53, rb, junD, junB, TGF-Bl, TGF-S2 to influence cell pro- 
liferation, in particular of primary cell cultures such as 
liver cells, kidney cells, osteoclasts, osteoblasts and/or 
keratinocytes and/or cells of the blood lineage, such as bone 
marrow stem cells, and/or progenitor cells of red and white 
blood cells and/or organ stem cells. 

The Sequences 41-73 and/or 74 - 106 and/or 154 - 203 and/or 
519 - 556 and/or 597 - 641 and/or 1273 - 1277 and/or 1481 - 
1490 and/or 1532 - 1549 and/or 1656 are useful for the 
treatment and/or prevention of immunosuppressive disorders 
including, but not limited to immunosuppression in neoplastic 
diseases - including gliomas and other brain tumors, 
sarcomas, carcinomas and lymphomas - and/or immunosuppression 
as side effect from drugs, including, but not limited to side 
effects from cytotoxic agents and/or immunosuppression in 
AIDS patients. 
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In a further embodiment of the invention these sequences are 
also useful for the treatment and/or prevention of hyopro- 
liferation of normal cells, including, but not limited to 
immune cells, bone marrow stem cells, endothelial cells, 
organ stem cells and proliferating cells of the intestine. 

The Sequences 41 - 73 and/or 74 - 106 and/or 298 - 380 and/or 
476 - 506 and/or 519 - 556 and/or 1273 - 1480 and/or 1596 - 
1614 and/or 1657 - 1658 and/or 1690 and/or 1696 - 1712 and/or 
1751 and/or 1753 - 1754 and/or 1757 are useful for the 
treatment and/or prevention of hyperprol iterative disorders, 
including but not limited to brain tumors, • sarcomas, 
carcinomas and lymphomas, restenosis, hyperplasisa , pulmonary 
fibrosis, angiogenesis and psoriasis. 

The Sequences 1278 - 1480 and/or 1491 - 1531 and/or 1582 - 
1595 and/or 1615 - 1655 and/or 1691 - 1694 and/or 1697 - 1750 
and/or 1759 - 1764 are useful for the treatment and/or 
prevention of diseases characterised by hyperfunction of the 
immune system and/or of inflammatory disorders and/or auto- 
immune disorders, including, but not limited to asthma 
(molecules according to the invention being applied by 
inhalation and/or by parenteral routes and/or orally) , 
multiple sclerosis, inflammatory disorders of the intestine, 
including jejunitis, ileitis and/or colitis, as well as 
inflammatory disorders characterised by hyperprolif eration 
and/or hyperfunction of cells of the eosinophilic lineage 
and/or glomerulonephritis and/or rejection of transplants. 

The Sequences 476 - 506 and/or 1550 - 1581 and/or 1582 - 1595 
and/or 1658 - 1689 and/or 1691 - 1694 and/or 1713 - 1752 are 
useful for the treatment and/or prevention of diseases 
associated with cell degeneration, including, but not limited 
to neurodegeneration, e.g. Alzheimer's diseases, Parkinson's, 
ischemic disorders, including myocardial ischemia and/or 
ischemia of the nervous system, including stroke. 
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A further aspect of the present invention is a medicament 
comprising an oligonucleotide according to the invention 
together with additives. The oligonucleotides of the in- 
vention can be used for the preparation of a medicament for 
the prevention or the treatment of neoplasm, hypopro- 
lif eration, hyperprol iteration, degenerative diseases, 
neurodegenerative diseases, ischaemia, disorders of the 
immune system and/or infectious diseases and can be used for 
the analysis of gene function or drug target validation. 

Molecules according to the invention can be used to study 
the function of target molecules and their encoded trans- 
cription and/or translation products, including KNA molecules 
and proteins. Downregulat ions of a protein or nucleic acid 
molecule using molecules according to the invention can be 
used to study the function of the molecule. It is also a 
feature of the invention that molecules according to the 
invention can be used to study whether modulation of the 
product has a desired effect, including therapeutic effects 
and to use this information to develop a different molecule, 
in order to modulate the function of the protein. 

This includes, for example, drug target validation with a 
molecule according to the invention, in order to answer the 
question whether development of an agent capable of 
modulating the structure, function or expression of a 
potential target molecule, e, g, an agonist or antagonist 
of the target molecule has desired effect and may e. g. be 
of therapeutic or diagnostic use. 

It is thus also a feature of the invention that molecules 
according to the invention can be used for drug target 
validation, including but not limited to studying whether 
modulation of a protein or nucleic acid molecule has a 
desired effect, including therapeutic effects and using this 
information to develop a compound, e. g. a therapeutic 
compound capable of modulating the structure, function or 
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expression of the molecule the function of which was 
previously studied with molecules according to the invention. 

Example 1 

Treatment of Peripheral blood mononuclear cells with TGF-Sl 
antisense phosphorothioate oligodeoxynucleotides : 

Human peripheral blood mononuclear cells (PBMCs) produce 
transforming growth factor fil (TGF-Sl) . The TGF-Bl produced 
by these cells negatively regulates immune cell proliferation 
in an autologous manner. This autologous negative • regulation 
of immune cell proliferation could be reversed by antisense 
TGF-Sl molecules according to the invention, leading to 
stimulation of immune cell proliferation. In contrast to the 
molecules according to the invention , antisense molecules 
chosen conventionally, including that published by Hatzfeld 
et al. (1991) did not stimulate immune cell proliferation. 
Even more surprising, several sequences, chosen con- 
ventionally, even reduced immune cell proliferation. 

Peripheral blood mononuclear cells (PBMCs) were isolated from 
venous blood of healthy donors by mixing with an equal volume 
of RPMI 1640 medium (Gibco) supplemented with 10 % fetal calf 
serum and 1 mML- glut amine, followed by layering onto Ficoll- 
Hypaque (Pharmacia) gradients and centrif ugation at 400 g 
for 3 0 min. PBMCs were removed from the plasma-Ficoll inter- 
face and washed in the above medium. Cells (2 x 104 in 100 
/xl of medium) were plated into 96 well flat -bottom microtiter 
plates (Nunc) in serum supplemented complete medium. Cells 
were activated with 3 iig/ml phytohemagglutinin and incubated 
with either no oligodeoxynucleotide (untreated control cells) 
or with 8 /xM of different antisense phosphorothioate oligo- 
deoxynucleotides, complementary to different regions of the 
human TGF-fil mRNA for 4 days. Cells were then stained with 
trypan blue to determine cell viability and counted in a 
Neubauer counting chamber. 
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Oligonucleotide sequences were either 33 sequences ^^^^^^^|^g - ^ 
to the invention, named sequences TGF-fil-1 - TGF-Sl-33|^or 
the TGF-Sl antisense sequence from Hatzfeld et al , (1991), 
J. Exp. Med., 174, pp. 925 - 929 or 39 other conventionally 
chosen antisense sequences complementary to human TGF-El 
mRNA, named Nl - N3 9 (see figure 3)j\ 

Surprisingly the molecules according to the invention were 
much more effective than antisense TGF-fil molecules that were 
chosen conventionally . 

Sequences TGF-fil-l - TGF-6l-33/^ (see figure 3) enhanced 
lymphocyte proliferation to between 135 and 213% of untreated 
controls. In contrast, treatment with the antisense sequence 
from document Hatzfeld et al . reduced proliferation to 62,8%. 

Cells treated with^the conventionally chosen TGF-Sl antisense 
sequences Nl - N3 9;^surprisingly not only failed to increase 
lymphocyte proliferation, but several of these sequences even 
revealed a marked inhibition of cell ppli^f^eratio^ ^ga^x^^^f 
51,4% and 77%^of ^pntrc^^ (sequences Nl- Nl^ N20^ N2 6^a|Ld^ ^^s^ 
N30 - N39)l- The antisense TGF-^1 sequences N15.- N19,. N21 - v 

N25., N28Kand N29*^showed neither significant enhancement nor 
^ 't^ett rb NO*. lA^ 
significant inhibition of cell proliferation with values 

between 94% and 103%. Sequence N27;^showed slight toxicity 

with a reduction in cell proliferation to 88%. 

Inhibition of cell proliferation by some of the TGF-fil 
sequences suggests that they may not be merely ^^I^^^^^^./^^^^n^ 
±>ut also toxic. Analysis of the 26 sequences Nl- Nl^, N20w^ Kjf-.'7i' 
N26^and N30 - N39;^revealed that 23 of them contained either 
2 or more sequence motifs with three consecutive Gs (here- 
after called GGG motif) or at least one motif with 4, 5, or 
6 Gs (motifs GGGG, GGGGG, or GGGGGG) . Analysis of the se- 
quence from Hatzfeld et al . , which also inhibited PBMC 
proliferation, surprisingly showed that it too contains a 
GGGGG plus a GGG motif. The 3 toxic sequences that contained 
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neither 2 GGG motifs nor a mot U of % PJ'^^'^J^. "i^^ 

Gs, i.e. sequences ^^\^^^t>^^^i^ found have a base 

content with 11 - 13 G-bases per sequence. 

In contrast to. the sequences from Hatzfel^^ al . , Nl- N14f^ 

(<^t^ i:t> MOi^lS _^<S»=fGl X^t»^ Most Bi'M?0> 

N2^^N26r,^and^N3 0^^^.^^^ sequences TGF-61-1 - TGF-ei-33 

showed a G- content of maximally 6 G-bases, no combination 

of two GGG motifs within a single sequence and no (3^2^, GGGGG 

or GGGGGG motif. Since the TGF-Sl mRNA contains more than 

85 target regions for a GGG antisense motif and more than 

34 target regions for a GGGG antisense motif, this finding 

in the sequences according to the invention was highly 

unlikely on a statistical basis. 

The non-effective sequences N15 - N19^ N21 - N25;j, N28^^nd^^^ v 
isr2 9^ere found to contain a different base content from both 
the toxic and the effective sequences: They content of the 
bases A and T taken together (A/T-content ) ranged from 14,3% 
to 28,5%. These sequences neither enhanced nor did they 
inhibit PBMC proliferation. Thus, they appeared to be neither 
effective nor toxic. In contrast to these non-effective 

sequences with an A/T content of ^?o^^^M \ - n^f 

effective sequences TGF-Sl-1 - TGF-Sl-3 3^were found to have 
an A/T content of between 33% - 71,4%. 

A further difference between the sequences of the invention 
and two thirds of the other sequences was found with respect 
to non-specific protein ^igiingr :^ S^^ 

Hatzfeld et al . and Nl- N14^ ^'^'^tL.^l^J^S^Aci V^|ig mos^. ^ 
found to show markedly enhanced non-specific protein binding ^v-qo 
compared to the sequences of the invention. 

Sequences from Hatzfeld et al . (H) and Nl - N39/^are shown 
in figure 3 as well as TGF-fil antisense sequences according 
to the invention. 
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The finding that, while the sequences TGF-Sl-1 - TGF-Sl-33y^ 
stimulated proliferation of PBMC immune c^l^^ th|s^|e^e^g 
from Hatzfeld et al . and sequences Nl- N39y^here either non- 
effective with little alteration in PBMC proliferation or 
had toxic effects and inhibited PBMC proliferation was 
extended to further antisense sequences both of TGF-S2 and 
other genes as detailed in the following examples 2-7. 

The sequences of the oligonucleotides related with TGF-gl 
are listed in figure 3 for the sake of ease of readability. 

For certain applications, including, but not limited to 
application in dividing cells, including tumor cells, 
nucleic acid or functional or structural analogs or effective 
derivatives thereof according to the invention were coupled 
to folic acid, either at one of the carboxy- groups or at one 
of the nitrogen atoms of the folic acid. 

Furthermore, for certain applications, nucleic acid or 
functional or structural analogs or effective derivatives 
thereof according to the invention are mixed with and/or 
coupled to hormones, steroid hormones such as oestrogen, 
progesterone , corticosteroids , mineralocorticoids , androgens , 
phospholipids, peptides, proteoglycans, glycolipids and 
derivatives therefrom. Preferably, a coupling occurs at 
and/or of figures 1 and 2. 

Example 2 

p53 antisense nucleic acids (figure 3 shows the respective 
oligonucleotides) 

p53 is a tumor suppressor gene that negatively regulates cell 
proliferation. Certain mutations in the gene can alter the 
function of p53 in such a way that it becomes an oncogene. 
The effects of p53 antisense oligodeoxynucleotides on cells 
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containing wild type p53 was analyzed and subsequently also 
the effect of these sequences on cells with mutated p53 . 

In cells with wild type p53 effective antisense nucleic acids 
will lead to downregulation of the wild type p53 protein and 
thus to enhanced proliferation of the treated ^^ll^^^Mole^^^^ ,^^^^^^>^ 
cules according to the invention are named p53-l - p53-33y^ 
Noneffective p53 antisense sequences were named p53-N-l - 
p53-N-18, Toxic sequences, which inhibited proliferation 
instead of enhancing it as do effective p53 antisense 
sequences were named p53-T-l - p53-T-2^ 

Normal human fibroblasts were grown in RPMI medium supple- 
mented with 5% fetal calf serum (FCS) and 2500 cell/well were 
plated into 96-well microtiter plates . Antisense phosphoro- 
thioate oligonucleotides were added at 2 /xM concentration 
after 2 h. 

Two assays to determine cell proliferation were performed: 
To determine 3H- thymidine incorporation, cells were 
incubated before harvesting with 0,15 ^Ci 3H-thymi- 
dine/well for 6 h. Cells were lysed by freezing , 
spotted onto glass filters and the amount of incor- 
porated tritium was determined by liquid scintillation 
counting. 

To determine cell number, cells were stained with 
trypan blue and counted in a .Neubauer counting chamber. 

Surprisingly, only treatment of cells with ^^^^^^^^^^^^Jif^^^ ^c^S^ 
es according to the invention (p53-l - p53 -33 )^resulted in 
an increase in thymidine incorporation to between 3- and 9- 
fold. 

In contrast, treatment with noneffective sequences {p53-N-l - 
p53-N-18)^did not result in significant alterations m 
thymidine incorporation . 
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Furthermore, treatment with toxic ant i sense p53 sequences 
(p53-T-l- p53-T-29r^esulted in a decrease m proliferation 
instead of an increase. 

In summary, the 3 3 antisense sequences according to the 
invention resulted in effective downregulation of negative 
growth control by p53 and increased cell proliferation, while 
the 47 other antisense sequences had either no significant 
effect on cell proliferation or even suppressed cell pro- 
liferation. 



Example 3 

Q 

yl junB antisense nucleic acids (figure 3 shows the respective 

4^= oligonucleotides) 

Q: junB and junD, two genes encoding transcription factors of 

^ the jun gene family are negative regulators of cell growth, 

O like p53. The effects of different junB and junD antisense 

O oligodeoxynucleotides was analyzed, 

i:b= Effective junB and JunD antisense nucleic acids will lead 

to downregulation of the JunB an JunD proteins respectively 
and thus to enhanced proliferation of the treated cells. 
Antisense molecules accordin^_ t^^^^^^ gea ^^^°"^>c>l•^l'V^-^tb 
JunB-l - JunB-19^and JunD-1 - JunD-31^ V40s: aoU-ZO^ 

V antisense sequences were named JunB-N-l - JunB-N-B"^ Toxic 

P sequences, which inhibited P^olif eration^inst^ad of ^r^hancin|^^ ^ 

it were named JunB-T-1- JunB-T-20y^nd JunD-T-1 - JunD-T-17^ cSLSl-Z-tl^ 

Normal human fibroblasts were grown in RPMI medium supple- 
mented with 5% fetal calf serum (PCS) and 2500 cell/well were 
plated into 96 -well microtiter plates, Antisense phosphoro- 
thioate oligonucleotides were added at 2 /xM concentration 
after 2 h. 
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Two assays to determine cell proliferation were performed: 
To determine 3H- thymidine incorporation, cells were 
incubated before harvesting with 0,15 fiCi 3H- 
thymidine/well for 6 h. Cells were lysed by freezing, 
spotted onto glass filters and the amount of in- 
corporated tritium was determined by liquid 
scintillation counting. 

To determine cell number, cells were stained with 
trypan blue and counted in a Neiibauer counting chamber. 

Surprisingly, again only treatment of cells with ^t^se^e^^^ ^^^.,^^Vj 
sequences according to the invention (JunB-1 - JunB-19;^nd 
JunDl- JunD3]^ resulted in an increase in thymidine incor- 
poration to between 2- and 7-fold. 



in contrast, ^^reatm^nt^w^t^ noneffective sequences (JunB-N-1 
- JunB-N-57));:^id not result in significant alterations in 
thymidine incorporation. 

Furthermore, treatment with toxi^^^^^^ise^e^junB "^^^^^q i: MOb ^ 
sequences (JunB-T-l- JunB-T-20^and JunD-T-1 - JunD-T-17)^ ^fe^-j^^^i^ 
resulted in a decrease in proliferation instead of an in- 
crease . 



In summary, the 50 antisense sequences according to the 
invention resulted in effective downregulation of negative 
growth control by JunB and JunD , while the 94 other anti- 
sense sequences had either no significant effect on cell 
proliferation or were even toxic. 

Example 4 (figure 3 shows the respective oligonucleotides) 

erbB-2, is a transmembrane molecule with an intracellular 
tyrosine kinase activity that is amplified and/or overex- 
pressed by carcinoma cells in a variety of neoplasms 
including breast cancer, lung cancer, oesophageal and gastric 
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cancer, bile duct carcinoma, bladder cancer, pancreatic 
cancer and ovarian cancer. 

In several of these tumors, an amplification and overex- 
pression of the c-erbB-2 gene in the tumor tissue has been 
shown to correlate with a poor clinical prognosis. Over- 
expression of pl85erbB-2 in non-small-cell lung carcinoma 
has been shown to impart resistance to a number of chemo- 
therapeutic agents . 

Effective erbB-2 antisense nucleic acids will lead to downre- 
gulation of the erbB-2 protein and in overexpressing tumor 
cell lines will lead to reduced cell proliferation of the 
treated cells. Antisense molecules according to the invention 

(^eGt x:X> WOS* St£><-^ 

are named erbB-2-l - erbB-2-83|^ Noneffective erbB-2 antisense . 

_(Sitfa x:t> f^os'- i^n^^ 
sequences were named erbB-2-N-l - erbB-2-N-95^ 

erbB-2 overexpressing SK-Br-3 human mammary carcinoma cells 
were grown in RPMI medium supplemented with 5% fetal calf 
serum (FCS) and 2500 cell/well were plated into 96-well 
microtiter plates . Antisense phosphorothioate oligo- 
nucleotides were added at 2 /iM concentration after 2 h. 

To determine erbB-2 protein expression cells were harvested 
with a cell scraper and subjected to ELISA protein deter- 
mination . 

Only treatment of cells with antisense 

to the invention (erbB-2-1 - erbB-2-83) ^resulted in a 
significant reduction in erbB-2 protein expression by 40-95%. 

In contrast, treatment with noneffective sequences ( erbB-2 -N- 

fjs^G^ xi-ti fios^. 3g>\- ^ns> 

1 - erbB-2-N-95) y^^id not result in sxgnificant alterations 
in erbB-2 protein expression. 



To determine cell number, cells were stained with trypan blue 
and counted in a Neubauer counting chamber. 
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only treatment of cells with antisense^secgiences^^acco^rd^^ 
to the invention (erbB-2-1 - erbB-2-83)^resulted in a reduc- 
tion in cell number by 35-70%. 

In contrast, treatment ^gf^J^ff^^^^ sequences (erbB-2-N- 

1 - erbB-2-N-95S^did^not^resuit \n significant alterations 
in cell proliferation. 

erbB-2 antisense sequences were shown in figure 3-8 to 3-11 

Example 5 (figure 3 shows the respective oligonucleotides) 

The c-fos gene encodes an immediate early gene type trans- 
cription factor. Effective c-fos antisense nucleic acids will 
lead to downregulation of the c-Fos protein. 

Antisense molecules according to the invention are named c- 
fos-1 - c-fos-31*. Noneffective c-fos antisense sequences were 
named c-fos-N-1 - c-fos-N-12^ 

Normal human fibroblasts were grown in RPMI medium supple- 
mented with 5% fetal calf serum (PCS) and 2500 cell/well were 
plated into 96 -well microtiter plates. Antisense phosphoro- 
thioate oligonucleotides were added at 2 /xM concentration 
after 2 h. 

Expression of the c-Fos protein was determined by ELISA in 
cell lysates. 

only treatment of cells with antisense^ sequences ^accprdi^^ 
to the invention (c-fos-1 - c-f os-31)^resulted in a signifi- 
cant reduction in c-fos protein expression by 45-95%. 

In contrast, treatment with noneffective sequences (c-fos-N-l 
- c-fos-N-12)^did not result in significant alterations in 
c-Fos protein expression. 
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Example 6 (figure 3 shows the respective oligonucleotides) 

TGF-g2, like TGF-Sl is a member of the transforming growth 
factor-S family of cytokines. 

Overexpression of TGF-Sl and TGF-S2 is linked to malignant 
progression, immunosuppression and escape of the tumors from 
surveillance by the immune system. 

Effective TGF-S2 antisense nucleic acids will lead to downre- 
gulation of the TGF-S2 growth factor. 



Antisense molecules according to the invention are named TGF- 



S2-1 - TGF-S2-3 5i. Noneffective TGF-S2 antisense sequences 
were named TGF-S2-N-1 - TGF-S2-N-40^ 



TGF-£2 overexpressing tumor cells were grown in RPMI medium 
supplemented with 5% fetal calf serum (FCS) and 2500 
cell/well were plated into 96 -well microtiter plates. Anti- 
sense phosphorothioate oligonucleotides were added at 2 /xM 
concentration after 2 h. 

TGF-S2 protein expression was determined by ELISA, both in 
the supernatant and in cell lysates . 

Only treatment of cells with antisense, sequences according 
to the invention (TGF-S2-1 - TGF-S2-38)/vresulted in a signif- 
icant reduction in TGF-fi2 protein expression by 35-80%. 



V ■ 



In contrast, treatment with noneffective sequences (TGF-S2-N- 
1 - TGF-fi2-N-40)^did not result in significant alterations 
in TGF-fi2 protein expression. 
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Example 7 (figure 3 shows the respective oligonucleotides) 
rb antisense nucleic acids 

rb is a tumor suppressor gene that negatively regulates cell 
proliferation. The effects of rb antisense oligodeoxynucleot- 
ides on cells containing wild type rb was analyzed. 

In cells with wild type rb effective antisense nucleic acids 

will lead to downregulat ion of the wild type rb protein and 

thus to enhanced proliferation of the treated ^^^l^-j^^ ^iob•. Snn- 

Molecules according to the invention are named rb-1 - rb-4^ 

Nonef fe_ctive rb antisense sequences were named -1 - rb-N- 

le^'^Toxic'^Sque^ices'', which inhibited proliferation instead 

of enhancing it as do effective rb antisense sequences were 

named rb-T-1- rb-T-16jr 

Normal human fibroblasts were grown in RPMI medium supple- 
mented with 5% fetal calf serum (FCS) and 2500 cell/well were 
plated into 96-well microtiter plates. Antisense phosphoroth- 
ioate oligonucleotides were added at 2 ijM concentration after 
2 h. 

Two assays to determine cell proliferation were performed: 

To determine 3H- thymidine incorporation, cells were 
incubated before harvesting with 0,15 [iCi 3H-thymi- 
dine/well for 6 h. Cells were lysed by freezing , 
spotted onto glass filters and the amoiint of incorpo- 
rated tritium was determined by liquid scintillation 
counting. 

To determine cell number, cells were stained with 
trypan blue and counted in a Neubauer counting chamber. 

Surprisingly, only treatment of cells with antisense se^enc^-_^^^v^ 
es according to the invention (rb-1 - rb-45) Resulted in an 
increase in thymidine incorporation to between 2- and 6-fold. 
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In contrast, treatment with noneffective sequences (rb-N-1 - 
rb-N-168) ;«^did not result in significant alterations in 
thymidine incorporation . 

Furthermore, treatment with toxic antisense rb sequences (rb- 
T-l- rb-T-16)^resulted in a decrease in proliferation instead 
of an increase. 

In summary, the 45 antisense sequences according to the 
invention resulted in effective downregulation of negative 
growth control by rb and increased cell proliferation, while 
the 184 other antisense sequences had either no significant 
effect on cell proliferation or even suppressed cell pro- 
liferation. 



Example 8 

Oligonucleotide sequences according to the invention were 
synthesized with various different backbone modifications: 
Exemplary results are given below. 

For the sequence ^ ^-»r-V 

e rbB -2-42: CATCTGGAAACTTCCAGATGy^^ 

the following chemical modifications were tested in erbB-2 
overexpressing carcinoma cells: 

1. S-ODN erbB-2 -42 { i.e. all backbone linkages were thioate 
modifications) , 

C-pS-A-pS-T-pS-C-pS-T-pS-G-pS-G-pS-A-pS-A-pS-A-pS-C-pS-T-pS- 
T-pS-C-pS-C-pS-A-pS-G-pS-A-pS-T-pS-G 
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2. Me-ODN/S-ODN/Me-ODN erbB-2-42 ( i.e. Linkages at the 5 'and 
3 "end were methylphosphonate linkages while linkages in the 
middle were thioate modifications as follows) : 

C-pMe-A-pMe-T-pS-C-pS-T-pS-G-pS-G-pS-A-pS-A-pS-A-pS-C-pS-T- 

pS-T-pS-C-pS-C-pS-A-pS-G-pS-A-pMe-T-pMe-G 

or 

C-pMe-A-pMe-T-pMe-C-pS-T-pS-G-pS-G-pS-A-pS-A-pS-A-pS-C-pS-T" 

pS-T-pS-C-pS-C-pS-A-pS-G-pMe-A-pMe-T-pMe-G 

or 

C-pMe-A-pMe-T-pMe-C-pMe-T-pS-G-pS-G-pS-A-pS-A-pS-A-pS-C-pS-T- 

pS-T-pS-C-pS-C-pS-A-pMe -G-pMe-A-pMe-T-pMe-G 

or 

C-pMe-A-pMe-T-pMe-C-pMe-T-pMe-G-pMe-G-pS-A-pS-A-pS-A-pS-C-pS- 
T-pS-T-pS-C-pMe-C-pMe-A-pMe-G-pMe-A-pMe-T-pMe-G 

3. Me-ODN / S-ODN erbB-2-42 ( i.e. Linkages at the 5" end 
were methylphosphonate linkages while linkages at the 3" 
were thioate modifications as follows) : 

C-pMe-A-pMe-T-pMe-C-pMe-T-pMe-G-pMe-G-pMe-A-pMe-A-pMe-A-pS-C- 
pS-T-pS-T-pS-C-pS-C-pS-A-pS-G-pS-A-pS-T-pS-G 

4. S-ODN / Me-ODN erbB-2-42 ( i.e. Linkages at the 5' end 
were methylphosphonate linkages while linkages at the 3' 
were thioate modifications as follows) : 

C-pS-A-pS-T-pS-C-pS-T-pS-G-pS-G-pS-A-pS-A-pS-A-pMe-C-pMe-T- 
pMe - T - pMe - C - pMe - C - pMe - A - pMe - G - pMe - A - pMe - T - pMe - G 

5. Me-ODN erbB-2-42 (i.e. linkages methylphosphonate 
linkages) : 



C-pMe-A-pMe-T-pMe-C-pMe-T-pMe-G-pMe-G-pMe-A-pMe-A-pMe-A-C- 
pMe-T-pMe-T-pMe-C-pMe-C-pMe-A-pMe-G-pMe-A-pMe-T-pMe-G 
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6. pN/S-ODN/pN erbB-2-42 ( i.e. Linkages at the 5 'and 3 "end 
were phosphoratnidate linkages while linkages in the middle 
were thioate modifications as follows) : 

C-pN-A-pN-T-pS -C-pS-T-pS-G-pS-G-pS-A-pS-A-pS-A-pS-C-pS-T-pS- 

T-pS-C-pS-C-pS-A-pS-G-pS-A-pN-T-pN-G 

or 

C-pN-A-pN-T-pN-C-pS-T-pS-G-pS-G-pS-A-pS-A-pS-A-pS-C-pS-T-pS- 

T-pS-C-pS-C-pS-A-pS-G-pN-A-pN-T-pN-G 

or 

C-pN-A-pN-T-pN-C-pN -T-pS-G-pS-G-pS-A-pS-A-pS-A-pS-C-pS-T-pS- 

T-pS-C-pS-C-pS-A-pN -G-pN-A-pN-T-pN-G 

or 

C-pN-A-pN-T-pN-C-pN -T-pN -G-pN -G-pS-A-pS-A-pS-A-pS-C-pS-T- 
pS-T-pS-C-pN -C-pN-A-pN -G-pN-A-pN-T-pN-G 

where 

pS stands for substitution of one of the non-bridging oxygen 
atoms of the backbone linkage with a sulfur atom, while 
pMe stands for substitution of one of the non-bridging oxygen 
atoms of the backbone linkage with a methyl group. 
pN stands for a N3'->P5" phosphoramidate linkage. 

Also a combination of linkages (N-pS-N-pO-N-pO-N) [pS-N] ^ 
wherein n = 1 - 10 and m = 0 - 6 where N stand for any 
nucleotide or structural or functional analog or derivative 
thereof . 

While the Me-ODN backbone modification strongly reduced the 
erbB-2 activity of the erbB-2 -42 ^equence to less than 20%, 
backbone modifications 1.-4. had strong erbB-2 inhibitory 
capacity with an inhibition of erbB-2 protein expression by 
between 78% and 89% at 2 fiM concentration at 48 h after the 
beginning of treatment of overexpressing carcinoma cells. 
While the pure S-ODN had the highest suppression capacity 
with 89%, the Me-ODN/S-ODN/Me-ODN as well as the Me-ODN/S-ODN 
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and S-ODN/Me-ODN and pN/S-ODN/pN, displayed reduced protein 
binding and when tested for complement activation, showed 
reduced complement activation . These characteristics are 
advantageous for certain applications e.g. intravenous 
systemic application in vivo. 

Example 9 

Similar effects were obtained when testing other sequences 
according to the invention with the above- backbone 
modifications . 

Inhibition of TGF-beta-1 gene expression with the effective 
sequences for TGF-beta-1 according to the invention was 
highest with S-ODN and the Me -ODN/ S-ODN/Me-ODN backbone 
.modifications and lowest with the Me-ODN modification, while 
protein binding and complement activation were- reduced in 
sequences containing Me-ODN linkages. 

Example 10 

Surprisingly, effectivity of sequences according to the 
invention was significantly improved in various cell types 
by coupling nucleic acids according to the invention to folic 
acid: 

erbB-2 inhibitory capacity which was relatively low after 
24 h compared to 48 h with an inhibition of erbB-2 protein 
synthesis by 24-37% was markedly increased by coupling 
sequences according, to the invention to folic acid to 48-62% 
at 2 concentration 24 h after the beginning of treatment 
of overexpressing carcinoma cells. 

Similar effects were achieved by coupling sequences according 
to the invention to folic acid derivatives including aminop- 
terin and amethopterin . 
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Example 11 

Surprisingly, effectivity of sequences according to the 
invention was strongly improved by coupling oligonucleotides 
according to the invention to Cortisol: 

Cellular uptake and inhibitory capacity of sequences accord- 
ing to the invention including sequences for TGF-beta-1, TGF- 
beta-2, c-fos, p53 , erbB-2, rb, c-fos, junB, junD, c-jun, 
MIP-1 alpha, JAK-2, bcl-2 and were markedly increased by 
coupling Cortisol either to the 3 'or 5" hydroxyl groups of 
oligonucleotide sequences according to the invention. 

Example 12 

Effectivity of sequences according to the invention was also 
strongly improved in various cell types by coupling nucleic 
acids according to the invention to or mixing them with other 
steroid hormones and their derivatives, including oestrogens, 
anti-oestrogens , prednisone, prednisolone, androgens, anti- 
androgens, gestagenes like progesterone as well as peptides, 
proteoglycans, glycolipids, phospholipids and derivatives 
therefrom . 

Androgens, particularly androstendion and testosterone, as 
well as ant i - androgens , including cyproteronacetate, flutami- 
de, anandrone, linked to the nucleic acids increased effec- 
tiveness of the molecules in various cell types including 
prostatic carcinoma cells. 

Oestrogens, anti-oestrogens and their derivatives, including 
fosfestrol, toremifen, ethinyloestradiole, diethylstilboes- 
tole and the oestradiole derivatives oestradiol-benzoate , 
oestradiol-valerinate and ©estradiol -undecylate, as well 
as progesterone and its derivatives, including medroxyproges- 
troneacetate and megestrolacetate linked to the oligonucleot- 
ides strongly enhanced activity of the molecules according 
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to the invention in various cell types including mammary 
carcinoma cells . 
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